It was reported that the acyl moieties of acylated anthocyanins with hydroxycinnamic acids were photoisomerized from the trans-to the cis-isomer by light irradiation. We studied the effects of light irradiation on nasunin, p-coumaroylated anthocyanin from eggplant, and characterized the photo-isomerized anthocyanin by high performance liquid chromatography and fast atom bombardment mass spectroscopy. The photo-isomerization occurred under acidic conditions and was repressed with c!-glucosylrutin that strongly absorbed ultraviolet light.
Anthocyanins obtained from plants have been used as a colorlng material and are known to have antioxidant activities (lgarashi et al, 1989 , 1993 Ishii et a/, 1996; Tsuda et al, 1994 Tsuda et al, , 1996 . The acylated anthocyanins with p-coumaric acid were photo-isomerized from the trans-to the cis-isomer by light irradiation (Yoshida et a/, 1990; Tsukui et ed, 1996) .
Nasunin (delphinidin 3-( trans-p-coumaloyl-L-rhamnosyl-D-
glucoside)-5-glucoside) is the major anthocyanin of eggplant (Ishii et al, 1990; Watanabe et a/., 1966) .
In this report, we studied the effects of light irradiation on nasunin and analyzed construction of isomerized anthocyanln.
Materials and Methods
General procedures Analytical high performance liquid chromatography (HPLC) was carried out with a Millennium 2010J HPLC system, using a Waters 996 photodiode array detector (Waters, Milford, Mass.) in the absorbance range from 220 nm to 700 nm. Analytical HPLC was carried out on a CHIRAL ~-CD BR column (4.6 mm i. After washing the column with I I Qf water, the adsorbed pigments containing anthocyanins were eluted with 0.3% TFA-methanol. The pigment eluate was concentrated under vacuum at 40'C and then dissolved in 0.1% TFA-methanol.
The pigment eluate was filtered with a paper filter No. 5c
(Advantec Toyo) and dried under vacuum at 40'C. After dissolving in a small amount of 0.1% TFA-methanol, the anthocyanin was precipitated by diethyl ether. The precipitate was collected by centrifugation and dried under vacuum at 40'C. Purple powder of crude anthocyanin was obtained.
The nasunin was purified from the crude anthocyanin by preparative HPLC, dried under vacuum at 40'C, and then powdered nasunin was obtained. The nasunin was identified with analytical HPLC used the standard nasunin (Shinagawa et al, 1997) .
Light irradiation of nasunin The pure nasunin was dissolved separately in pH 3.2 Mcllvaine buffer, pH 5.7 Mcllvaine buffer, pH 8.0 (O. I M Na2HP04-NaH2P04) buffer and 1% HCl-Methanol. Each nasunin solution (0.5 mg/ml) was placed in a plastic dish (cell culture cluster dish, Costar, Cambridge, Mass.) and irradiated wlth 365-nm wavelengths of light (a rate of 80 pW/cm2 . min) using two 6-W germicidal lamps (Spectronics Corp., Westbury, N.Y.) at 20'C for 4.0 h.
The residual color of the reaction mixture was examined at maximum absorbance in the visible region (Evls~ax) by a spectrophotometer. The relative Evls~** of each nasunin solution was determined by comparing the Evls~** values before and after irradiation.
The anthocyanin composition of the reaction mixture was determined from the analytical HPLC recorded at 525 nm. The relative HPLC peak area was deteamined by comparing the before and after irradiated samples.
Effect of additives on light irradiation of nasunin aGlucosylrutin (Wako, Tokyo) and glycyrrhizin monoammonium salt (glycyrrhizin-NH4, Wako) were examined for the light protectlng action for nasunin. Each substance was added to the nasunin solution (pH 4.3 Mcllvaine buffer, 0.5 mg/ml) in the concentration of 0.05%. The mixed solution was The anthocyanin composition of the reaction mixture was determined from the analytical HPLC peak area recorded at 525 nm. The relative HPLC peak area was determined by comparing the before and after irradiated samples.
Results and Discussion
Light irradiation of nasunin The relative Evls~** of each nasunin solution before and after irradiation is shown in Eggplants anthocyanin is unstable to heating and UV irradiation (Hayashi et al, 1996; Ishii et al, 1990) .
Analytical HPLC chromatograms of the before and after Table 3 . Effect of additives on the photo-isomerization of nasunin.
Sample
Relative E~1 Photo-isomer/Nasunin After 365 nm light irradiation, the new pigment was detected from nasunin by analytical HPLC. This new pigment gave the same molecular ion peak and fragment ion peaks as nasunin on the FAB-MS. This data suggested that the new pigment was a photo-isomer of nasunin. The acylated anthocyanins with hydroxycinnamic acids, such as shisonin and malonylshisonin of perilla anthocyanins, were photo-isomerized on p-coumaric acid moiety to the cis-form from the trans-form by'"light irradiation (Yoshida et al, 1990) . Nasunin was acylated with one mole of trans-p-coumaric acid. In the case of nasunin, the same isomerization as perilla anthocyanins may have occurred. The absorption of p-coumaroyl moiety (E310/Evlsmax) is lower than that of nasunin. In organic acids with conjugated double bonds, such as cinnamic acids, the trans-form has a larger molar extinction coefficienty than that of the cis-form.
Our results suggested that the trans-p-coumaric acid moiety in nasunin transformed to the cis-form by light irradiation. This phenomenon may be widely occurring in acylated anthocyanin with p-coumaric acid.
The ratio of nasunln to photo-isomer of each sample solution before and after irradiation is shown in Table 2 . The isomerization reached equilibrium within 1.5 h. After 4 h of 365 nm light irradiation, the ratio of nasunin to photo-isomer in pH 3.2 Mcllvaine buffer was 43:57. In pH 5.7 Mcllvaine buffer, the ratio of nasunin to photo-isomer was 36:64. In pH 8.0 buffer, the ratio of nasunin to photo-isomer was O: 100.
And in l% HCl-methanol,the ratio of nasunin to photo-isomer was 49:5 1 .
Under the acidic aqueous and acidic alcoholic conditions, the ratio of the photo-isomer was about 43% and 49%, respectively, while under the alkaline aqueous conditions, nasunin was not isomerized by light irradiation. It was concluded from these results that the photo-isomerization occurred only under the acidic conditions.
Effect of additives on light irradiation of nasunin
The effect of additives is shown in Table 3 . With c!-glucosylrutin, the ratio of nasunin to photo-isomer was 24:76, and with glycyrrhizin-NH4, the ratio was 37:63.
When c!-glucosylrutin was coexisting, the ratlo of the photo-isomer was decreased. This result suggested that c!-glucosylrutin inhibited the photo-isomerization by strongly absorbing light near 360 nm. However, glycyrrhizin-NH4 had the same ratio of photo-isomer as non-addition sample, because of the weakly absorbing light near 360 nm.
